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1. 

SYSTEMS AND METHODS FOR REMOVING 
PARTICLES FROMA SUBSTRATE 
PROCESSING CHAMBER USING RF 
PLASMA CYCLING AND PURGING 

FIELD 

The present disclosure relates to Substrate processing 
systems, and more particularly to systems and methods for 
removing particles from a Substrate processing chamber. 

BACKGROUND 

The background description provided here is for the 
purpose of generally presenting the context of the disclo 
sure. Work of the presently named inventors, to the extent it 
is described in this background section, as well as aspects of 
the description that may not otherwise qualify as prior art at 
the time offiling, are neither expressly nor impliedly admit 
ted as prior art against the present disclosure. 

Substrate processing systems may be used to perform 
deposition and/or etching of film on a substrate. Substrate 
processing systems typically include a processing chamber 
with a Substrate Support such as a pedestal, an electrostatic 
chuck, a plate, etc. A Substrate Such as a semiconductor 
wafer may be arranged on the Substrate Support. In chemical 
vapor deposition (CVD) or atomic layer deposition (ALD) 
processes, a gas mixture including one or more precursors 
may be introduced into the processing chamber to deposit a 
film on the Substrate. In some Substrate processing systems, 
radio frequency (RF) plasma may be used to activate chemi 
cal reactions. 
Some chemical reactions that happen in the gas phase 

generate particles that may remain in the processing cham 
ber after processing is completed. In addition to particles 
created during processing, particles may also reach the 
processing chamber due to dusted upstream parts, chamber 
leak events, contamination that occurs when replacing parts, 
and/or contamination that occurs during maintenance. 

In some processes, purge gas is cycled on and off after the 
Substrates are removed from the processing chamber to 
remove particles remaining in the processing chamber. 
Removing particles using purge gas cycling takes a rela 
tively long time (~24 hours) and may not reduce particles in 
the processing chamber to an acceptable level. 

SUMMARY 

A method for operating a Substrate processing system 
includes a) processing a substrate arranged on a substrate 
Support in a processing chamber, wherein at least one of 
precursor gas and/or reactive gas is Supplied during the 
processing; b) removing the Substrate from the processing 
chamber; c) selectively supplying carrier gas and purge gas 
to the processing chamber; d) generating RF plasma in the 
processing chamber during N cycles, where N is an integer 
greater than one, wherein the RF plasma is on for a first 
period and off for a second period during each of the N 
cycles; and e) Supplying the purge gas during at least part of 
each of the N cycles of the RF plasma 

In other features, the purge gas is not Supplied during the 
first period and is Supplied during at least part of the second 
period of the N cycles. The at least one of the precursor gas 
and/or the reactive gas is not supplied during (c), (d) or (e). 
(a) comprises depositing film using RF plasma. (a) com 
prises one of atomic layer deposition (ALD) and chemical 
vapor deposition (CVD). 
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2 
In other features, the one of ALD and CVD employs RF 

plasma. A duty cycle of the N cycles is between 25% and 
75%. (c) is performed during (d) and (e). 

In other features, each of the N cycles has a duration 
between 1 and 5 seconds. N is greater than or equal to 100 
and less than or equal to 5000. At least one of a duty cycle 
of the N cycles and/or a duration of the N cycles is varied 
during the N cycles. 
A substrate processing system includes a processing 

chamber including a Substrate Support to support a substrate 
during processing. A gas Supply selectively Supplies carrier 
gas, purge gas and at least one of precursor gas and/or 
reactive gas during the processing. A controller is configured 
to a) supply the carrier gas to the processing chamber after 
the substrate is removed from the processing chamber; b) 
generate RF plasma in the processing chamber during N 
cycles, where N is an integer greater than one, wherein the 
RF plasma is on for a first period and off for a second period 
during each of the N cycles; and c) supply the purge gas 
during at least part of each of the N cycles of the RF plasma. 

In other features, the purge gas is not Supplied during the 
first period and is Supplied during at least part of the second 
period of the N cycles. 

In other features, the controller is configured to not supply 
the precursor gas and the reactive gas during (a), (b) and (c). 
The Substrate processing system deposits film using RF 
plasma. The Substrate processing system performs one of 
atomic layer deposition (ALD) and chemical vapor deposi 
tion (CVD). The one of ALD and CVD employs RF plasma. 
The controller is configured to control a duty cycle of the N 
cycles between 25% and 75%. 

In other features, the controller is configured to supply the 
carrier gas during (b) and (c). Each of the N cycles has a 
duration between 1 and 5 seconds. N is greater than or equal 
to 100 and less than or equal to 5000. At least one of a duty 
cycle of the N cycles and/or a duration of the N cycles is 
varied during the N cycles. 
A method for operating a substrate processing system 

includes a) removing a Substrate from a substrate Support in 
a processing chamber; b) selectively supplying carrier gas 
and purge gas to the processing chamber; c) generating RF 
plasma in the processing chamber during N cycles, where N 
is an integer greater than one, wherein the RF plasma is on 
for a first period and off for a second period during each of 
the N cycles; and d) supplying the purge gas during at least 
part of each of the N cycles of the RF plasma. 

In other features, the purge gas is not Supplied during the 
first period and is Supplied during at least part of the second 
period of the N cycles. 
A substrate processing system includes a processing 

chamber including a Substrate Support to support a substrate 
during processing. A gas Supply Supplies carrier gas and 
purge gas. A controller is configured to a) Supply the carrier 
gas to the processing chamber after the Substrate is removed 
from the processing chamber; b) generate RF plasma in the 
processing chamber during N cycles, where N is an integer 
greater than one, wherein the RF plasma is on for a first 
period and off for a second period during each of the N 
cycles; and c) supply the purge gas during at least part of 
each of the N cycles of the RF plasma. 

In other features, the purge gas is not Supplied during the 
first period and is Supplied during at least part of the second 
period of the N cycles. 

Further areas of applicability of the present disclosure will 
become apparent from the detailed description, the claims 
and the drawings. The detailed description and specific 
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examples are intended for purposes of illustration only and 
are not intended to limit the scope of the disclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present disclosure will become more fully understood 
from the detailed description and the accompanying draw 
ings, wherein: 

FIG. 1 is a functional block diagram of an example of a 
Substrate processing system according to the present disclo 
Sure; 

FIG. 2 is a flowchart illustrating an example of a method 
for performing atomic layer deposition (ALD); 

FIG. 3 is a flowchart illustrating an example of a method 
for removing particles from a Substrate processing chamber 
according to the present disclosure; 

FIG. 4 is a flowchart illustrating another example of a 
method for removing particles from a substrate processing 
chamber according to the present disclosure; and 

FIGS. 5 and 6 are graphs illustrating timing of control 
signals for Supplying precursor, reactive gas, carrier gas, 
purge gas, and RF plasma when removing particles from the 
processing chamber according to the present disclosure. 

In the drawings, reference numbers may be reused to 
identify similar and/or identical elements. 

DETAILED DESCRIPTION 

Cycling purge gas to remove particles in the processing 
chamber is not very efficient. The relatively low efficiency of 
purge gas in reducing particles in the processing chamber 
may be due in part to electrostatic force, which causes 
particles to Stick on Surfaces of the processing chamber. In 
addition, particles may also congregate due to electrostatic 
force and may be trapped inside components of the process 
ing chamber such as a showerhead. Particles that are held by 
electrostatic force are difficult to remove by cycling purge 
gaS. 
The present disclosure relates to systems and methods for 

removing particles from processing chambers. As disclosed 
herein, after the substrate is removed, particles in the pro 
cessing chamber may be removed by cycling RF plasma and 
purge gas. In some examples, the timing of the RF plasma 
cycles is similar to cycling that is used during ALD film 
deposition. 

In some examples, reactant gases and precursor are not 
Supplied during removal of the particles. Carrier gases are 
Supplied and RF plasma is cycled on and off. Continuous or 
pulsed purge gas is used to remove particles from the 
processing chamber. 

In some examples, the systems and methods according to 
the present disclosure may be used to remove particles from 
processing chambers used to deposit film by ALD or 
PEALD processes. Example film types include SiO, SiN. 
SiCN, SiC., noble metals, and high K materials including 
lanthanide-oxides, group 4 metals oxides and group 5 metal 
oxides, although other types of film and/or other processes 
may be involved. For example, the present disclosure may 
also be used to remove particles from processing chambers 
used to deposit film by CVD or PECVD processes. Example 
film types include SiO, SiN, TEOS, SiC, SiCN, and AHM, 
although other types of film and/or processes may be used. 

According to the present disclosure, the Substrate is 
removed after processing, carrier gas is Supplied and RF 
power is cycled on and off to strike RF plasma. In some 
examples, the RF cycling may have similar timing as that 
used in ALD film deposition. In some examples, the Sub 
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4 
strate is removed using a robot or an indexing mechanism. 
Precursor and reactive gases are not supplied during the RF 
cycling. During the RF cycling, continuous or pulsed purge 
gas may be used to remove the particles from the processing 
chamber. 
The RF cycling and purging may help to release particles 

that are electrostatically stuck on Surfaces in the processing 
chamber. The particles are released during the RF cycling 
and exit the processing chamber along with the purge gas. In 
addition, particles charged by the RF plasma repel each 
other Such that particle congregation can be drawn by the 
purge gas flow out of the processing chamber. 

Advantages of RF cycling and purging according to the 
present disclosure include significantly reducing the time 
required to lower the particle count in the process chamber 
below a predetermined value. For example, 2-3 hours of RF 
cycling and purging as described herein may have better 
particle reduction performance than 24-48 hours of gas-only 
cycle purging. As a result, the processing chamber post 
maintenance conditioning time is significantly reduced. 

Referring now to FIG. 1, an example of a substrate 
processing system 10 for removing mechanical particles 
using RF cycling and purging is shown. The Substrate 
processing system 10 includes a processing chamber 12. Gas 
may be supplied to the processing chamber 12 using a gas 
distribution device 14 such as showerhead or other device. 
A substrate 18 such as a semiconductor wafer may be 
arranged on a Substrate Support 16 during processing. The 
Substrate Support 16 may include a pedestal, an electrostatic 
chuck, a mechanical chuck or other type of Substrate Sup 
port. 
A gas delivery system 20 may include one or more gas 

Sources 22-2, 22-2. . . . . and 22-N (collectively gas sources 
22), where N is an integer greater than one. Valves 24-1, 
24-2. . . . . and 24-N (collectively valves 24), mass flow 
controllers 26-1, 26-2, ..., and 26-N (collectively mass flow 
controllers 26), or other flow control devices may be used to 
controllably Supply precursor, reactive gases, inert gases, 
purge gases, and mixtures thereof to a manifold 30, which 
Supplies the gas mixture to the processing chamber 12. 
A controller 40 may be used to monitor process param 

eters such as temperature, pressure etc. (using sensors 41) 
and to control process timing. The controller 40 may be used 
to control process devices such as the gas delivery system 
20, a pedestal heater 42, and/or a plasma generator 46. The 
controller 40 may also be used to evacuate the processing 
chamber 12 using a valve 50 and pump 52. 
The RF plasma generator 46 generates the RF plasma in 

the processing chamber. The RF plasma generator 46 may be 
an inductive or capacitive-type RF plasma generator. In 
Some examples, the RF plasma generator 46 may include an 
RF supply 60 and a matching and distribution network 64. 
While the RF plasma generator 46 is shown connected to the 
gas distribution device 14 with the pedestal grounded or 
floating, the RF generator 46 can be connected to the 
substrate support 16 and the gas distribution device 14 can 
be grounded or floating. 

Referring now to FIG. 2, an example of a method for 
performing atomic layer deposition (ALD) is shown. While 
an ALD process is shown for illustration purposes, the 
systems and methods described herein can apply to other 
types of processes including but not limited to CVD. 
PECVD, PEALD, etc. 
At 104, a Substrate is arranged in a processing chamber. 

Processes gases such as one or more carrier gases or inert 
gases may be supplied to the processing chamber. At 106, a 
first precursor is Supplied to the processing chamber for a 
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first period. After the first period, the processing chamber is 
purged at 110. At 114, a second precursor may be supplied 
to the processing chamber for a second period to react with 
the first precursor. Alternately or additionally, RF plasma 
may be struck in the processing chamber to convert the first 
precursor. After a second period, the processing chamber is 
purged at 116. At 120, one or more additional ALD cycles 
are performed and control returns to 106. Otherwise, when 
the ALD cycles are complete, control ends. When process 
ing is completed, the Substrate is removed from the process 
ing chamber. 

Referring now to FIG. 3, an example of a method for 
removing particles from a substrate processing chamber is 
shown. The systems and methods described herein are 
performed after the substrate is removed from the processing 
chamber. In this example, the purge gas remains on during 
the RF plasma cycling and purging. At 204, the Substrate is 
removed from the processing chamber. At 206, carrier gas is 
Supplied to the processing chamber. At 210, purge gas is 
Supplied to the processing chamber. At 214, RF plasma is 
struck for a predetermined period. At 216, the RF plasma is 
extinguished after the predetermined period. When addi 
tional RF plasma cycles are to be performed (as determined 
at 220), control continues with 206. When the predetermined 
number of cycles is completed, control ends. 

Referring now to FIG.4, another example of a method for 
removing particles from a substrate processing chamber is 
shown. In this example, the purge gas is cycled on and off 
after the RF signal is turned off. At 304, a substrate is 
removed from the processing chamber. At 306, carrier gas is 
Supplied to the processing chamber. At 314, RF plasma is 
struck for a first predetermined period. At 316, the RF 
plasma is extinguished after the first predetermined period. 
At 318, the processing chamber is purged with purge gas for 
a second predetermined period after the RF plasma is 
extinguished. If additional RF plasma and purge cycles are 
needed, control continues with 306. When a sufficient num 
ber of cycles are completed, control ends. 

Referring now to FIGS. 5 and 6, graphs illustrating 
examples of timing of control signals for Supplying precur 
Sor, reactive gas, carrier gas, purge gas, and RF are shown. 
The timing shown in FIG. 5 corresponds to the method 
described in FIG. 3. The precursor and reactive gases are not 
Supplied to the processing chamber. Carrier gas and purge 
gas are Supplied during RF pulses. 
The timing shown in FIG. 6 corresponds to the method 

described in FIG. 4. The precursor and reactive gases are not 
Supplied to the processing chamber during the RF plasma 
cycling and purging. Carrier gas is Supplied during the RF 
chucking. The purge gas is pulsed for a predetermined 
period after falling edges of the RF pulses. While the purge 
gas is shown as stopping a predetermined period before 
leading edges of a Subsequent RF pulse, the purge gas may 
also be supplied until the leading edges or just after the 
leading edges of the Subsequent RF pulses. In some 
examples, a duty cycle of the RF cycling is between 25% 
and 75%. In other examples, the duty cycle and the period 
can be varied during particle removal. Varying the duty 
cycle and/or duration may help to dislodge particles. In some 
examples, the RF cycles are 1 to 5 seconds long, although 
other durations may be used. In some examples, 100 to 5000 
cycles are performed, although additional or fewer cycles 
may be used. In some examples, 2000 to 3000 cycles are 
performed, although additional or fewer cycles may be used. 

In one example, the processing chamber was dusted after 
a chamber leak event. 10 hours of purge gas-only cycling 
reduced the chamber mechanical particles to ~1000 adders. 
This approach required another 22 hours of purge gas-only 
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6 
cycling to further reduce the chamber mechanical particles 
to <30 adders (a) 0.06 um as shown in Table I: 

TABLE I 

Particle Tests Particle adders 

Tool recovery after leak event >0.06 m >0.12 Im 

Run gas-only cycle purge for 10 hours 

Mechanical gas only particle test 400 Cycles 1141 213 
Run gas-only cycle purge for another 10 hours 

Mechanical gas only particle test 400 Cycles 478 101 
Run gas-only cycle purge for another 12 hours 

Mechanical gas only particle test 400 Cycles 14 6 

In another example, the Substrate processing tool Suffered 
high particle count for an ALD Ox process after a shower 
head leak issue. Using 24 hour purge gas-only cycling, the 
processing chamber mechanical particle count was still at 
~100. Next, using RF cycling and purging for 2 hours, the 
processing chamber mechanical particle count dropped to 
~30 adders. Another 1 hour of RF cycling and purging 
further reduced the mechanical particle count as shown in 
Table II: 

TABLE II 

Tool recovery from leak 

um 0.05 um Im 0.08 m 0.1 um 

ALD Ox process A 100A 1434 1048 924 527 303 
Purge gas cycling 24 hours 

Mechanical gas only particle 145 94 73 38 2O 
test 
RF chucking purge 2 hours 

Mechanical gas only particle 33 27 23 14 6 
test 
RF chucking purge 1 hour 

Mechanical gas only particle 15 11 10 6 3 
test 

In another example, the RF cycling and purging for 1 hour 
significantly reduced the 2000 Angstrom in-film particle 
count from ~800 adders to ~100 adders and reduced the 
processing chamber mechanical particle count. An addi 
tional 2 hours of RF cycling and purging further reduced the 
2000A in-film particle count as shown in Table III: 

TABLE III 

O.06 0.08 0.1 O.12 O.16 O2 (0.5 
Particle Tests In Inn in Ln in Ln in 

ALD Ox process B 842 448 212 23 
2000A (2800 cycles) 

Cycle purge with RF-chucking for 1 hour 

30 Mechanical gas only 18 8 8 6 5 2 
particle test (2800 cycles) 
ALD Ox process B 130 40 2O 7 
2000A (2800 cycles) 

Cycle purge with RF-chucking for 2 hours 

ALD Ox process B 34 11 9 5 
2000A (2800 cycles) 
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The foregoing description is merely illustrative in nature 
and is in no way intended to limit the disclosure, its 
application, or uses. The broad teachings of the disclosure 
can be implemented in a variety of forms. Therefore, while 
this disclosure includes particular examples, the true scope 
of the disclosure should not be so limited since other 
modifications will become apparent upon a study of the 
drawings, the specification, and the following claims. As 
used herein, the phrase at least one of A, B, and C should be 
construed to mean a logical (A OR B OR C), using a 
non-exclusive logical OR, and should not be construed to 
mean “at least one of A, at least one of B, and at least one 
of C.’ It should be understood that one or more steps within 
a method may be executed in different order (or concur 
rently) without altering the principles of the present disclo 
SUC. 

In this application, including the definitions below, the 
term controller may be replaced with the term circuit. The 
term controller may refer to, be part of, or include: an 
Application Specific Integrated Circuit (ASIC); a digital, 
analog, or mixed analog/digital discrete circuit; a digital, 
analog, or mixed analog/digital integrated circuit; a combi 
national logic circuit; a field programmable gate array 
(FPGA); a processor circuit (shared, dedicated, or group) 
that executes code; a memory circuit (shared, dedicated, or 
group) that stores code executed by the processor circuit; 
other suitable hardware components that provide the 
described functionality; or a combination of some or all of 
the above, such as in a system-on-chip. 

The controller may include one or more interface circuits. 
In some examples, the interface circuits may include wired 
or wireless interfaces that are connected to a local area 
network (LAN), the Internet, a wide area network (WAN). 
or combinations thereof. The functionality of any given 
controller of the present disclosure may be distributed 
among multiple controllers that are connected via interface 
circuits. For example, multiple controllers may allow load 
balancing. In a further example, a server (also known as 
remote, or cloud) controller may accomplish some function 
ality on behalf of a client controller. 
The term code, as used above, may include Software, 

firmware, and/or microcode, and may refer to programs, 
routines, functions, classes, data structures, and/or objects. 
The term shared processor circuit encompasses a single 
processor circuit that executes some or all code from mul 
tiple controllers. The term group processor circuit encom 
passes a processor circuit that, in combination with addi 
tional processor circuits, executes some or all code from one 
or more controllers. References to multiple processor cir 
cuits encompass multiple processor circuits on discrete dies, 
multiple processor circuits on a single die, multiple cores of 
a single processor circuit, multiple threads of a single 
processor circuit, or a combination of the above. The term 
shared memory circuit encompasses a single memory circuit 
that stores some or all code from multiple controllers. The 
term group memory circuit encompasses a memory circuit 
that, in combination with additional memories, stores some 
or all code from one or more controllers. 
The term memory circuit is a subset of the term computer 

readable medium. The term computer-readable medium, as 
used herein, does not encompass transitory electrical or 
electromagnetic signals propagating through a medium 
(such as on a carrier wave); the term computer-readable 
medium may therefore be considered tangible and non 
transitory. Non-limiting examples of a non-transitory, tan 
gible computer-readable medium include nonvolatile 
memory circuits (such as a flash memory circuit or a mask 
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8 
read-only memory circuit), Volatile memory circuits (such as 
a static random access memory circuit and a dynamic 
random access memory circuit), and secondary storage. Such 
as magnetic storage (such as magnetic tape or hard disk 
drive) and optical storage. 
The apparatuses and methods described in this application 

may be partially or fully implemented by a special purpose 
computer created by configuring a general purpose computer 
to execute one or more particular functions embodied in 
computer programs. The computer programs include pro 
cessor-executable instructions that are stored on at least one 
non-transitory, tangible computer-readable medium. The 
computer programs may also include or rely on stored data. 
The computer programs may include a basic input/output 
system (BIOS) that interacts with hardware of the special 
purpose computer, device drivers that interact with particu 
lar devices of the special purpose computer, one or more 
operating systems, user applications, background services 
and applications, etc. The computer programs may include: 
(i) assembly code; (ii) object code generated from Source 
code by a compiler; (iii) source code for execution by an 
interpreter; (iv) source code for compilation and execution 
by a just-in-time compiler, (V) descriptive text for parsing, 
such as HTML (hypertext markup language) or XML (exten 
sible markup language), etc. As examples only, Source code 
may be written in C, C++, C#, Objective-C, Haskell, Go, 
SQL, Lisp, Java R, ASP, Perl, Javascript(R), HTML5, Ada, 
ASP (active server pages), Perl, Scala, Erlang, Ruby, 
Flash R, Visual Basic R, Lua, or Python(R). 
None of the elements recited in the claims is intended to 

be a means-plus-function element within the meaning of 35 
U.S.C. S 112(f) unless an element is expressly recited using 
the phrase “means for', or in the case of a method claim 
using the phrases “operation for or “step for. 

What is claimed is: 
1. A method for operating a Substrate processing system 

comprising: 
a) processing a Substrate arranged on a substrate Support 

in a processing chamber, wherein at least one of pre 
cursor gas and/or reactive gas is Supplied during the 
processing: 

b) removing the Substrate from the processing chamber, 
Subsequent to step b): 
c) selectively supplying carrier gas and purge gas to the 

processing chamber, 
d) generating RF plasma in the processing chamber 

during N cycles, where N is an integer greater than one, 
wherein the N cycles include alternating first and 
second periods, and wherein the RF plasma is on for the 
first period and off for the second period during each of 
the N cycles; and 

e) Supplying the purge gas during at least part of each of 
the N cycles of the RF plasma such that (i) the purge 
gas is not supplied during the first period when the RF 
plasma is on and (ii) the purge gas is Supplied during 
the second period when the RF plasma is off. 

2. The method of claim 1, wherein the at least one of the 
precursor gas and/or the reactive gas is not Supplied during 
(c), (d) or (e). 

3. The method of claim 1, wherein (a) comprises depos 
iting film using RF plasma. 

4. The method of claim 1, wherein (a) comprises one of 
atomic layer deposition (ALD) and chemical vapor deposi 
tion (CVD). 

5. The method of claim 4, wherein the one of ALD and 
CVD employs RF plasma. 
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6. The method of claim 1, wherein a duty cycle of the N 
cycles is between 25% and 75%. 

7. The method of claim 1, wherein (c) is performed during 
(d) and (e). 

8. The method of claim 1, wherein each of the N cycles 5 
has a duration between 1 and 5 seconds. 

9. The method of claim 1, wherein N is greater than or 
equal to 100 and less than or equal to 5000. 

10. The method of claim 1, wherein at least one of a duty 
cycle of the N cycles and/or a duration of the N cycles is 10 
varied during the N cycles. 

k k k k k 
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